SUMMARY A rapid enzyme-linked immunosorbent assay (ELISA) where component incubation periods were shortened to one hour, was compared with agar gel double diffusion (AGDD) and a standard ELISA procedure for detecting antibodies to Aspergillus fumigatus in 28 asthmatic patients with suspected allergic aspergillosis. Using two A fumigatus antigens the rapid ELISA compared well with AGDD and the standard ELISA method. Eleven sera that reacted with both antigens in AGDD were all positive against antigen 1 in both forms of ELISA, but two failed to react with antigen 2 in the standard ELISA and three failed to react with this antigen in the rapid method. Thirteen AGDD-negative sera were also negative in both forms of ELISA. The rapid ELISA provides a sensitive and reproducible test for routine serological investigation of allergic aspergillosis.
Serological tests are useful in the diagnosis of allergic and mycetomal forms of aspergillosis in immunocompetent patients. The usefulness of these tests in invasive forms of aspergillosis in immunocompromised patients is less well established.
Agar gel double diffusion (AGDD) is the principal serological method used at present.'-4 Precipitins to Aspergillus fumigatus can be detected in the serum of almost all patients with the mycetomal form of aspergillosis. In contrast, serum from patients with allergic aspergillosis often has to be concentrated before precipitins can be detected. Other less time-consuming methods that have been evaluated for the rapid detection of A fumigatus antibodies have included counterimmunoelectrophoresis,56 passive haemagglutination,7 radioimmunoassay8 9 and indirect immunofluorescence.'°0 Initial investigations have suggested that enzymelinked immunosorbent assay (ELISA) is helpful in the serological diagnosis of different forms of aspergillosis in both immunocompromised and noncompromised patients.'2 13 However, the incubation times used in these investigations amounted to a total test period of about 24 h. This is less than that 37°C. The wells were coated for 1 h at 37°C in a gyratory incubator at 100 rpm. The coated wells were washed three times for 3 min each with PBS-T.
Duplicate 200 Al amounts of patients' serum diluted with PBS-T, were added to the coated wells and incubated at 100 rpm for 1 h at 37°C. The plates were washed with PBS-T as before. Anti-human IgG labelled with alkaline phosphatase was diluted 1/2000 with PBS-T and 200 ,ul added to each well and incubated at 100 rpm for 1 h at 37°C. Substrate solution was added to the washed wells and the plate incubated at 100 rpm for about 30 min at 37°C. The reaction was then stopped and read as before.
EXPRESSION OF ELISA DATA
The results were expressed as ELISA units-that is, as percentage absorbance of a reference serum dilution studied on the same occasion.'5 This serum produced numerous precipitin lines in AGDD and had been obtained from a patient with the mycetomal form of aspergillosis.
Results

DEVELOPMENT OF THE RAPID ELISA FOR A FUMIGATUS ANTIBODIES
The optimal concentrations of the two A fumigatus antigens used in the rapid ELISA was determined by checkerboard titrations of nine AGDD-positive and nine AGDD-negative sera. A concentration of 0*4 ,ug per 200 ,ul of both antigens was found to be optimal.
To determine the optimal dilution of AGDDpositive and -negative sera for the rapid ELISA, serial dilutions were prepared in PBS-T and tests for the presence of IgG antibodies against A fumigatus performed. The titration curves obtained with the two A fumigatus antigens are presented in Figs. 1 and 2. It can be seen that good discrimination between the AGDD-positive reference serum and an AGDD-negative serum was obtained at a dilution of 1/1000 for both antigens.
INTERPRETATION OF ELISA DATA
In both forms of ELISA, discrimination between positive and negative sera was achieved by including the positive reference serum and 10 AGDDnegative sera (which had given minimal absorbance in ELISA determinations) in each test run. The mean absorbance of the 10 negative sera was determined (in ELISA units). This value plus two standard deviations was then taken as the lower limit of positiveness for that test run. Thus, patient sera were regarded as positive if the absorbance was greater than the mean plus two standard deviations of the 10 negative sera tested on the same occasion. Table summarises the results obtained with the 28 sera tested for the presence of IgG antibodies against A fumigatus using AGDD and both forms of ELISA. Thirteen AGDD-negative sera were also negative in both forms of ELISA. Eleven sera that reacted with both A fumigatus antigens in AGDD all reacted with antigen 1 in both forms of ELISA, but two failed to react with antigen 2 in the longform ELISA and three failed to react with this antigen in the rapid ELISA. One of the two sera that reacted with antigen 1 in AGDD, but not with antigen 2 was positive in the long-form ELISA using antigen 1. Both these sera were negative in the rapid ELISA with both antigens. In contrast, two sera reacted with antigen 2 in AGDD but not with antigen 1, were positive in both forms of ELISA with antigen 1. One of these sera was negative in the rapid ELISA with antigen 2.
Discussion
The were, however, obtained with antigen 2 in both forms of test with a small number of sera that had reacted with this antigen in AGDD. This problem appears to be due to poor binding of antigen 2 to the polyvinyl plates used in our ELISA tests. Much smaller amounts of antigen and much higher dilutions of antiserum are needed for ELISA than for the established AGDD method for A fumigatus precipitins. Moreover, serum specimens from patients with allergic aspergiliosis often have to be concentrated before precipitins can be detected. The concentration of antigen needed for detection of precipitins in AGDD is another critical factor which can be avoided with ELISA.
The method of discrimination between positive and negative sera is one of the most critical aspects of ELISA test standardisation. In this investigation qualitative rather than quantitative results were required-that is, whether a given specimen was positive or negative. The incorporation of a positive reference serum and 10 negative sera as internal standards in each test run permitted good discrimination between negative and positive specimens and also avoided the need for critical standardisation of reaction times. This approach also lessened the need for absolute standardisation of other factors influencing reaction rates.
In conclusion, the rapid ELISA described in this paper is both sensitive and reproducible. It is simple to perform and appears to be a suitable method for routine application in the serological diagnosis of different forms of aspergillosis.
